m 

TITLE OF THE INVENTION 

BOILING WATER REACTOR NUCLEAR POWER PLANT 
AND ITS CONSTRUCTION METHOD 

CROSS REFFERENCE TO RELOCATED APPLICATIONS 
The present application is based on Japanese Application 317169/2000, 
filed October 17, 2000, which is herein incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION: 

The present invention relates to a boiling water reactor nuclear power 
plant with a natural circulation reactor, and particularly to a boiling water reactor 
nuclear power plant and its construction method with a simplified compact 
system configuration, having diversity to the power demand, and an improved 
economy and similar. 

DESCRIPTION OF THE RELATED TECHNOLOGY 

In conventional plants, as the configuration of reactor pressure vessel 
and internals of the boiling water reactor nuclear power plant, forced circulation 
method has been mainly adopted such that active pumps installed at the bottom 
of the reactor pressure vessel circulates reactor water, and jet pumps installed 
in the reactor are driven by the external loop active pumps. And as the control 
rod of power control means, bottom entry type which is inserted from the bottom 



of reactor pressure vessel has been adopted. 

For the above configuration, the lower drywell space has been large in 
order to keep the circulating pumps and the control rod drive nnechanism and its 
draw out space below the reactor pressure vessel. And this lower drywell is 
used for a large quantity of water storage space during loss of coolant accident 
since the suppression pool water injected into the reactor pressure vessel is 
drawn down to this space fronn the break cavity. And therefore this space has 
been wasteful to design the water quantity of the suppression pool. 

And if core fuel is melted and dropped down onto the bottom of the 
reactor pressure vessel during assumed severe accident, the configuration with 
control rod driving mechanism and similar prevents from cooling the melted 
core from outside the reactor vessel. 

As for the example of the conventional plant among these boiling water 
reactor nuclear plants, it is explained using the newest type reactor named 
ABWR referring to figure 15 as follows. 

On conventional boiling water reactor nuclear power plant, core shroud 3 
which contains the core 2 is installed in the reactor pressure vessel 1 , many fuel 
bundles 6 are provided between core support plate 4 and upper lattice plate 5 
which is installed in each at lower and upper portion in the core shroud. 

Shroud head 7 is installed above the core shroud 3, and steam separator 

9 is installed above the shroud head 7 through the standpipes 8. Steam dryer 

10 is installed above the steam separator 9. Control rod guide tubes 1 1 of the 
control rod (not figured) which are inserted into the core 2 and the control rod 
drive mechanism 12 which drives the control rods are installed below the core 



support plate4. 

Plural reactor internal pumps 13 are installed in the circumferential 
direction at the bottom of the reactor pressure vessel 1 . 

Main steam pipes 14 are provided on the sidewall of the reactor pressure 
vessel 1 alongside the steam dryer 10 to supply reactor steam to the turbine 
(not shown). Feed water pipes 15 are provided on the sidewall of the reactor 
pressure vessel 1 alongside the standpipes 8 of steam separators to supply 
cooling water to this reactor 1 . 

In the boiling water reactor of this configuration, the coolant above the 
core is drawn into the internal pumps 13 from the gap area between the core 
shroud 3 and the reactor pressure vessel 1 , and it generates steam in the core 
2 through the core bottom, and it is lead to the turbine through the main steam 
pipes 14 via. the standpipes 8 , the steam separators 9 and the steam dryer 10. 
The steam which works in the turbine is condensed by the main condenser, and 
the condensed water is returned to the reactor upper portion through the feed 
water pipes 1 5. 

In these conventional type boiling water reactor nuclear power plants, the 
core and the pressure containment vessel is cooled during accident using active 
components in general, and for the severe accident means, in w hich the se 
active components are assum ed not to be used , passive cooling systems or 
alternate active cooling/injection systems have been added at present. 

Therefore it requires additional exclusive passive equipments for the 
severe accident other than the design base accident equipments and system 
regardless of degree of these reliability and it has been given a large impact 



economically. 

And as for the cooling method inside drywell during reactor normal 
operation, cooling heat exchanger (drywell cooler), for which cooling water is 
supplied from outside drywell, and fans for circulating the inner gas are installed 
in the drywell in general. 

The conventional pressure containment vessel is made from steel or 
reinforced concrete. Namely, a gourd-shaped standalone type or a bell-shaped 
integrated building type is adopted for the steel containment vessel. And an 
integrated dual-cylinder type is adopted for the reinforced concrete containment 
vessel. The vessel sizing factors are mainly as follows; components 
arrangement inside drywell as for drywell, water and air space volume for the 
pressure suppression in the early stage of accident as for suppression pool. 

In addition the pressure containment vessel strength is evaluated if its 
stress is below the limit in which hydrogen gas generated by metal-water 
reaction is stored assumed severe accident condition continuing the heat 
removal using passive containment cooling heat exchanger or alternate 
cooling/injection system. 

Reactor building is made from reinforced concrete separated from 
turbine building, and is designed on each site conditions or plant power output. 
These buildings are constructed almost on site works. 

Figure 16 shows an example of the latest boiling water reactor plant 
under st udyir^^ 

/ This plant is constituted of reactor building 421 , pressure containment 
vessel 422, reactor pressure vessel 423 and its associated system and 
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component. In this constituted plant, control rod and its driving mechanisrr. 435 
is provided below the reactor core 424. and reactor coolant circulation 
components like reactor internal pumps 425 are provided on the reactor vessel 
bottom. 

Emergency core cooling system pumps 426 are located on the lowest 
floor of the reactor building 421 , and residual heat removal pumps 427 and heat 
exchangers 428 for the containment vessel cooling as same manner. 

On severe accident which exceeds design base accident, core and 
containment vessel 422 is continuously cooled using passive containment 
cooling heat exchanger 429 and alternate injection pumps 430 via alternate 

injection water supply tank 436. 

During annual plant inspection, core fuels are moved to spent fuel 
storage pool 432 on the condition of reactor well filled with water. 

PROBLEMS TO BE SOLVED BY THE PRESENT INVENTION 
Although there has been previously existed the idea of forced circulation 
type boiling water reactor with internal type upper entry control rod drive 
mechanism, the concept of natural circulation type boiling water reactor with it 
combining raised type suppression pool has not known before. 

In the case of a conventional system of bottom entry control rod and 
bottom located suppression pool, when gravity driven cooling system of passive 
safety is adopted, additional exclusive tank of gravity driven cooling system is 
needed on the upper elevation portion of pressure containment vessel other 
than suppression pool and it causes large volume of pressure containment 
vessel. 



And bottom entry control rod meohanism causes large lower drywell 
volume for the flooding by gravity driven cooling system to become large pool 
capacity of gravity driven cooling system. Furthermore many various nozzles, 
piping and control rod guide tubes etc. located under the core prevents IVR (In 
vessel Retention), which stops the progress this event, of the molten core at 
severe accident. 

Meanwhile, the present inventors and others have investigated the whole 
reactor pressure vessel removal. But it is difficult for the conventional reactor 
pressure vessel since various piping below the core elevation can not be cut off 
with the core filled with coolant because of in vessel fuel condition. 

,f a natural circulation systerri is adopted, it requires large height chimney 
of two phase region to produce required circulation driving force to compensate 
the small driving force, and it causes large height of reactor pressure vessel. 
Furthermore if a high density core is adopted, it becomes unrealistic to get its 
required driving force on the natural circulation system since the narrow space 
of the two phase core region causes increased core pressure drop. 

,n a natural circulation reactor, there is no transient mitigation function 
corresponding to RPT (Re-circulation Pump Trip) of the current type boiling 
water reactor using forced circulation system, then ATWS (Anticipated 
Transient Without Scram) is more severe than forced circulation type reactor. 

in the conventional boiling water reactor, there are significant economical 
problems of additional installation of some active and passive components to 
remove heat from the pressure containment vessel during a loss of coolant 
accident. 



Moreover, assumed severe accident condition where the core fuel melts 
and falls down on the reactor pressure vessel bottom, then as for IVR (In Vessel 
Retention), the conventional boiling water reactor which has control rod guide 
tubes under the lower vessel mirror plate can be difficult for in vessel cooling 
from RPV outside wall, and as for the RPV core region gravity injection cooling 
from the lower drywell pool flooded by the suppression pool water it can be 
difficult for the sufficient cooling since the cooling water does not circulate 
sufficiently in the lower drywell pool and the RPV bottom wall surface is covered 
with the steam film generated. 

Drywell coolers and their ducts in which the drywell gas is circulated are 
provided in the drywell, and it has severe arrangement space and needs to 
locate active components in it. 

Figure 17 and 18 show examples of other conventional plant. 

Figure 17 shows the plant of raised suppression pool 433 type. Figure 18 
shows the plant of bottom located suppression pool 433 type. 

In these plants active components such as pumps and fans are located 
in the relatively high radiation area of the drywell 434. During plant inspection 
maintenance workers have to enter in this area for the maintenance work, and 
this causes to increase their radiation exposure. 

Furthermore when reactor pressure vessel 423 of approximately 20m 
high, which is used forced circulation reactors, is applied for the raised 
suppression pool type pressure containment vessel 422, since main steam 
piping is arranged to the turbine through under the suppression pool 433 from 
upper portion of the reactor pressure vessel 423, it causes the increased piping 



material and drywell space to lead economic disadvantages 

Since the building of a conventional boiling water reactor is generally 
constituted in respective building because of the different seismic design 
conditions of the components located in the reactor building and turbine building, 
it requires seismic and construction design respectively and it has an 
economical disadvantage for the increased floor space. 

Furthermore since the design criteria (specification, seismic condition, 
etc.) for the reactor building is different in each construction site, it has been 
difficult for the design standardization. Moreover there has been problems of 
large increased works and period of the reactor building construction. 

SUMMARY OF THE INVENTION 

The present invention had been achieved for resolving the problems of 
the conventional technology, and the first target is to provide a compact and 
economic nuclear power plant. 

The second target is to provide the volume reduced pressure 
containment vessel by maintaining the make up water in the suppression pool 
even if adopting the gravity driven cooling system of passive safety. 

The third target is to minimize the lower drywell volume eliminating all the 
obstacles of nozzle and piping under the reactor pressure vessel, and the 
required pool volume to be injected by the gravity driven cooling system, so that 
IVR (In Vessel Retention of the molten core) can be easily carried out, on which 
the event progress is prevented in the reactor pressure vessel on severe 
accident. 
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The fourth target is to control the plant power to be suppressed In the 
ATWS (Anticipated Transient Without Scram) event until the boric acid solution 
injection system is initiated for the reactor shutdown. 

The fifth target is to provide compact, simple and passive (natural force 
used) heat removal system from the containment vessel on a loss of coolant 
accident etc. to have high reliability and economical advantage. 

The sixth target is to enable to cool the reactor pressure vessel wall on 
keeping the molten core in it through heat release outside the pressure 
containment vessel in case of core melt condition on severe accident to 
minimize the influence of severe accident for improving safety. 

The seventh target is to provide maintenance free design and reduced 
required volume space in the drywell with no active component required. 

The eighth target is to ensure that the molten core is isolated and kept 
cooling in the pressure containment vessel without active components in case 
of the core melted down and abnormal plant condition is reliably detected. 

The ninth target is to enable the released heat in the drywell during 
accident to be transferred to the suppression pool without using active 
components, and to enable the event to be terminated without water flooding 
the lower drywell. And thereby the plant reliability can be improved. 

The tenth target is to eliminate the required operator entrance in the 
drywell for the maintenance of valves etc. to reduce the radiation exposure. 

The eleventh target is to standardize the seismic and the building design , 
and to significantly reduce the construction period to get economical advantage. 
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MEANS FOR RESOLVING THE PLOBLEMS 

In order to achieve these targets, the invention as claimed in Claim 1 
provides a boiling water reactor nuclear power plant comprising: a reactor 
building; a pressure containment vessel positioned in the reactor building; a 
drywell comprising a space inside the pressure containment vessel; a pressure 
suppression pool provided inside the pressure containment vessel; a nuclear 
reactor pressure vessel contained by the pressure containment vessel; a 
reactor core having fuel assemblies supported by a reactor core support plate 
and an upper grid plate provided in an inner base portion of the nuclear reactor 
pressure vessel; a reactor core shroud surrounding the reactor core and the 
upper grid plate; control rod guide tubes positioned in the reactor core shroud 
and over the upper grid plate; control rods inserted in the control rod guide 
tubes; and control rod drive mechanisms which drive the insertion and 
withdrawal of the control rods from above the reactor core, the control rod drive 
mechanisms being provided above the control rod guide tubes and inside the 
reactor core shroud. 

According to this invention, the core fuel is located at the RPV bottom 
portion and the control rod guide tubes are located above the core, and 
therefore the chimney effect provides strong natural circulation driving force to 
get maximum performance of the natural circulation reactor. Moreover this 
configuration is very compact and has economical advantage without re- 
circulation pumps. 

In the boiling water reactor according to Claim 1, the invention as 
claimed in Claim *2 provides a boiling water reactor characterized in that the 
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pressure suppression pool is positioned higher than said reactor core, said 
pressure suppression pool being connected to said nuclear reactor pressure 
vessel by means of gravity-based piping through which the cooling water drops 
by gravity. 

According to this invention, if gravity driven core cooling system as a 
passive safety system is adopted, then the water source of the gravity driven 
core cooling system is stored in the suppression pool, and hence pressure 
containment vessel volume can be reduced in compact. 

In the boiling water reactor nuclear power plant according to either Claim 
1 or Claim 2, the invention as claimed in Claim 3 provides a boiling water 
reactor nuclear power plant characterized in that a piping and nozzles 
connected to the nuclear reactor pressure vessel are located above the reactor 
core. 

According to this invention, since all obstacles such as nozzles, pipes or 
the like can be eliminated from the area below the nuclear reactor pressure 
vessel, the volume of the lower dry well can be minimized, so that it is possible 
to minimize the pool volume that is to be filled by the gravity driven core cooling 
system, and retention of the molten core material inside the nuclear reactor 
pressure vessel in order to prevent an event (severe accident) from progressing, 
can be performed readily as a severe accident situation countermeasure. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 3, the invention as claimed in Claim 4 provides a boiling water 
reactor nuclear power plant characterized in that a valve which can be 
optionally opened to an exterior of the core shroud is provided at a position 



above the fuel assembly. 

According to this invention, a nuclear reactor pressure vessel internal 
valve which can be opened optionally to the outside the core shroud is provided 
in a location of the required height of the chimney portion, for example, in the 
shroud head above the fuel, and by opening this valve in the event of ATWS 
(Anticipated Transient Without Scram), a flow rate of the natural circulation can 
be reduced, so that the plant power can be suppressed until the boric acid 
solution injection system for shutting down the nuclear reactor is initiated. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 4, the invention as claimed in Claim 5 provides a boiling water 



reactor nuclear power plant characterized in that the walls of the pressure 
containment vessel are made from multiple steel plates having ribs, which are 
mutually opposing in a separated fashion, so that cooling means is formed by 
using the spaces between these multiple steel plates as water flowing passage 
or air flowing passage. 

According to this invention, by constituting the walls of the nuclear 
reactor containment vessel by a ship hull type dual-steel-plate structure, and 
providing spaces in these dual-steel-plate walls which can be used for cooling 
the nuclear reactor containment vessel, then it becomes possible to cool the 
nuclear reactor containment vessel by only natural forces using the water or air 
passing through these spaces. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 5, the invention as claimed in Claim 6 provides a boiling water 
reactor nuclear power plant characterized in that the pressure suppression pool 




and the lower portion of the dry well are connected by nneans of a plurality of 
emergency piping, the piping being disposed at different positions in elevation 
level. 

According to this invention, two coupling pipes (two communication 
pipes), for example, an upper and lower coupling pipe, are provided between 
the pressure suppression pool and the lower portion of the dry well, for causing 
natural circulation of pool water between the pool and the dry well, whereby, 
after flooding the lower portion of the dry well in the event of an accident, the 
heat released to the dry well is transferred to the pressure suppression pool by 
the natural circulating convection of the pool water, so that the heat can be 
effectively removed from inside the nuclear reactor containment vessel in an 
efficient manner. 

In the boiling water reactor nuclear power plant according to either Claim 
5 or Claim 6, the invention as claimed in Claim 7 provides a boiling water 
reactor nuclear power plant characterized in that a normal use cooling system is 
connected to the space regions formed between the multiple steel plates. 

According to this invention, by filling the spaces in the dual-steel-plate 
sections with water and connecting to the normal use cooling water system, it 
becomes possible to cool the inside the dry well during normal operation of the 
plant. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 7, the invention as claimed in Claim 8 provides a boiling water 
reactor nuclear power plant characterized in that a normally closed water drain 
pipe (discharge pipe) is led from the pressure suppression pool into the dry well 



at the base region of the nuclear reactor pressure vessel, the drain pipe is 
normally closed by a sealing device while the sealing device for this water drain 
pipe can be opened or released by heat sensing means in case of an 
emergency so as to open the water drain pipe. 

According to this invention, even if a reactor core meltdown occurs, it is 
possible to cool and separate the molten material without needing to provide 
active components inside the containment vessel, and furthermore, any 
abnormal conditions can be detected reliably. 

Moreover, in this invention, in addition to connecting the dry well space at 
the base of the nuclear reactor pressure vessel with the pressure suppression 
pool by means of piping, it is also preferable to seal the opening of the piping 
outlet of this pipe to the dry well space by means of a low-melting-point alloy 
such as Ag brazing material, solder or the like, and to provide a differential 
pressure meter in such a manner that the pressure differential in the piping can 
be measured. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 8, the invention as claimed in Claim 9 provides a boiling water 
reactor nuclear power plant characterized in that a heat pipe capable of 
exchanging heat is provided at a portion between the pressure suppression 
pool and the lower region of the dry well. 

According to this invention, by connecting the dry well space at the base 
of the nuclear reactor pressure vessel to the pressure suppression pool by 
means of the heat pipe, heat released into the dry well in the event of an 
accident can be transferred to the pressure suppression pool by the natural 



circulation convection of the heat pipe, and hence the heat inside the nuclear 
reactor containment vessel can be effectively removed in an efficient manner. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 9, the invention as claimed in Claim 10 provides a boiling 
water reactor nuclear power plant characterized in that the nuclear reactor 
containment vessel is formed as a dual-cylinder structure wherein the dry well 
and the pressure suppression pool is positioned on the outer side of the dry well, 
in addition to which a guard pipe extending from the dry well section to the 
pressure suppression pool is provided, and piping and valves led from the 
nuclear reactor pressure vessel are accommodated inside this guard pipe. 

According to this invention, since the nuclear reactor containment vessel 
has a dual-cylinder structure wherein the dry well is disposed on the inner side 
and the pressure suppression pool is disposed on the outer side thereof, and a 
nuclear reactor system is adopted wherein the active components positioned 
inside the dry well are kept to a minimum, the pipes such as the main steam 
pipe led form the nuclear reactor pressure vessel and the nuclear reactor 
containment vessel inside located valves or the like are accommodated inside 
the guard pipe extending from the dry well section of the dual-cylinder structure 
to the exterior thereof, thereby enabling required maintenance of valves or the 
like, to be performed inside the guard pipe. 

In the boiling water type nuclear power plant according to any one of 
Claim 1 to Claim 10, the invention as claimed in Claim 11 provides a boiling 
water type nuclear power plant characterized in that turbine system is located at 
an upper portion of the nuclear reactor building. 



According to the present invention, the spent fuel pool and its associated 
peripheral apparatus are eliminated, and the turbine system or the like is 
located at the upper portion of the nuclear reactor building, thereby permitting 
the whole plant apparatus to be housed in a single module building. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 11, the invention as claimed in Claim 12 provides a boiling 
water reactor nuclear power plant characterized in that a removing space for 
accommodating the nuclear reactor pressure vessel is provided above the 
nuclear reactor pressure vessel in the nuclear reactor building. 

According to this invention, the removing space is provided above the 
nuclear reactor pressure vessel, whereby the nuclear reactor pressure vessel 
including the dry well cylinder section can be exchanged in an integral way. 

In the boiling water reactor nuclear power plant according to any one of 
Claim 1 to Claim 12, the invention as claimed in Claim 13 provides a boiling 
water reactor nuclear power plant characterized in that the nuclear reactor 
building is located on a foundation having a seismic structure. 

According to this invention, by locating the integrated nuclear reactor 
building module on a foundation having a seismic structure, it becomes possible 
to achieve standardized design of the building and the components and 
apparatus. 

The invention as claimed in Claim 14 provides a method for constructing 
a boiling water reactor nuclear power plant characterized in that the boiling 
water reactor nuclear power plant according to any one of Claim 1 to Claim 13 
is previously fabricated in a factory as building modules, then the modules are 
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transported to a construction site, and only the required number of modules are 
installed so as to construct entire plant. 

According to this invention, when the integrated building modules are 
fabricated in a factory, then transported to the construction site, and the plant 
output power can be selected as desired level by only installing the required 
number of modules at the construction site. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the attached drawings: 

Fig. 1 is an approximate sectional view showing the composition of a 
nuclear reactor in a boiling water type nuclear power plant according to one 
embodiment of the present invention. 

Fig. 2 is a sectional view showing a composition of a nuclear reactor 
building according to one embodiment of the present invention. 

Fig. 3 is a diagram showing a nuclear reactor and turbine system 
according to one embodiment of the present invention. 

Fig. 4 is an approximate sectional view showing a modification example 
of a nuclear reactor pressure vessel according to one embodiment of the 
present invention. 

Fig. 5 is an approximate sectional view showing a further modification 
example of a nuclear reactor pressure vessel according to one embodiment of 
the present invention. 

Fig. 6 is a diagram showing the state of flow of a reactor core cooling 
water when a valve is closed, according to one embodiment of the present 



invention. 

Fig. 7 is a diagram showing the state of flow of reactor core cooling water 
when a valve is open, according to one embodiment of the present invention. 

Fig. 8 is an explanatory diagram showing the composition of a valve for 
adjusting the circulation amount of cooling water according to one embodiment 
of the present invention. 

Fig. 9 is an explanatory diagram showing a composition of another valve 
according to one embodiment of the present invention. 

Fig. 10(A) is an explanatory view showing the cooling operation 
according to one embodiment of the present invention; and Fig. 10(B) is an 
enlarged perspective view showing a part of a wall of the nuclear reactor 
containment vessel. 

Fig. 1 1 is a diagram describing another cooling operation according to 
one embodiment of the present invention. 

Fig. 12 is a diagram describing a severe accident automatic cooling 
device according to one embodiment of the present invention. 

Fig. 13 is a diagram describing another severe accident automatic 
cooling device according to one embodiment of the present invention. 

Fig. 14 is an explanatory diagram showing a raised state during 
replacement of the nuclear reactor pressure vessel according to one 
embodiment of the present invention. 

Fig. 15 is an approximate sectional view showing a conventional boiling 
water reactor nuclear reactor. 

Fig. 16 is an approximate section view showing another prior art example. 
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Fig. 17 is an approximate section view showing yet another prior art 
example. 

Fig. 18 is an approximate section view showing yet another prior art 
example. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Next, preferred embodiments of a boiling water reactor nuclear power 
plant according to the present invention will be described hereunder with 
reference to Fig. 1 to Fig. 14. 

Fig. 1 is a cross sectional view showing the general composition of a 
nuclear reactor pressure vessel. As illustrated in Fig. 1, in the present 
embodiment, a reactor core 202 is provided in the bottom of the nuclear reactor 
pressure vessel 201. More specifically, a reactor core support plate 20^ is 
provided in the vicinity of a base portion of the nuclear reactor pressure vessel 
201, a plurality of fuel assemblies 206 are supported on the reactor core 
support plate 204 standing in a square lattice configuration, and the top of the 
fuel assemblies 206 are fixed by an upper grid plate 205, whereby a reactor 
core 202 is constituted. 

The control rods 212 are cross-shaped control rods which are regularly 
disposed for each group of four fuel assemblies 206, and which are inserted 
into the reactor core 202 from above, by means of an internal control rod drive 
mechanism 21 1 accommodated entirely in the nuclear reactor pressure vessel 
201. 

More specifically, a reactor core shroud 203 is provided on top of the 
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upper grid plate 205 and control rod guide tubes 213 are disposed in this 
reactor core shroud 203. A control rod drive mechanism support grid 208 is 
fixed on the shroud head 207 of the reactor core shroud 203. and the control 
rod drive mechanism 211 is provided on this control rod drive mechanism 
support grid 208. 

The control rod drive mechanism 211 has, for example, a ball screw 
structure, the control rods 212 being connected to this control rod drive 
mechanism 211 by means of control rod drive shafts 214, the control rod being 
possible for going up and down. Thereby, the control rods 212 are inserted from 
above into the reactor core 202 by passing through the control rod guide tubes 
213. 

In the present embodiment, all of the control rod guide tubes 213 are 
connected integrally, thereby to form a structure having a honeycomb-shaped 
lateral cross-section comprising a bundle of multiple tubes. The gap space 
adjacent to the control rod guide tubes 213 is open in the vertical direction, in 
such a manner that the two-phase gas/liquid flow generated in the reactor core 
202 rises up via a two-phase flow region constituted by the gap space adjacent 

to the control rod guide tubes 21 3. 

A steam-water separator 209 is provided above the control rod drive 
mechanism 211 in the nuclear reactor pressure vessel 201. and furthermore a 
steam dryer 210 is provided above the steam-water separator 209. A 
withdrawal space 227 for withdrawing and removing the control rods is provided 

below the steam dryer 210. 

Moreover, a main steam pipe 215, feed water pipe 216 and emergency 
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core cooling pipe 217 are provided respectively above the reactor core 202 of 
the nuclear reactor pressure vessel 201, and no piping, valves, drive 
mechanisms, or the like are provided below the reactor core 202. 

In this nuclear reactor pressure vessel 201, during plant operation, the 
two-phase flow generated in the reactor core 201 rises up via the gap space 
adjacent to the control rod guide tubes 213, and the steam passes through the 
steam-water separator 209 and steam dryer 210, and is(send|^ia the main 
steam pipe 215. While, the separated water drops back down along the internal 
walls of the nuclear reactor pressure vessel 201 , through either the steam-water 
separator 209 or steam dryer 210, and hence goes back on natural circulation 
to the reactor core 202. 

n-tmfn r y , r j ij (:i) itJiiiij t o the present o m bo diment. since the reac tor 
202 is placed in a bottom position in the nuclear reactor pressure v^s^l 201 
and the control rod guide tubes 213 are disposed thereabov^„-^himney effect 
is created, whereby stronger natural circulating fo^prxan be obtained. Hence, 
the characteristic features of the natufaT circulation type reactor can be 
displayed to the maximum. Fj^rtttermore, since it is not necessary to provide re- 
circulation pumps^^^as^ a conventional nuclear reactor pressure vessel, the 
composition^ the nuclear reactor pressure vessel becomes very compact, and 
sjgfimcarrree e nomi c bef= »eftts-carr& ^uljld iii eU by uusi udduction s: ' 

Fig. 2 is a general sectional view showing a composition of a nuclear 
reactor building for accommodating the nuclear reactor pressure vessel 201. 

This nuclear reactor building 221 has a unified structure comprising an 
underground level and an overground level, which is installed on underground 
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foundations via whole anti-seismic devices 413 for suppressing vibration in the 
vertcai direction and lateral direction, and a pressure containment vessel 401 is 
disposed in the central region of the underground level. 

Furthermore, in the overground level of the nuclear reactor building 221, 
there are provided a turbine 222 and a main condenser 223, along with a main 
control room, air conditioning component room 224, and the like. Moreover, 
there is also provided a removal space 414 having a sufficient volume to permit 
the nuclear reactor pressure vessel 201 to be lifted up to the central region of 
the overground level, thereby forming a composition wherein the whole nuclear 
reactor pressure vessel 201 can be lifted out upwards in one piece, as 
described hereinafter, thereby permitting exchange of the whole nuclear reactor 

pressure vessel unit. 

The pressure containment vessel 401 has a dual-cylinder structure 
comprising an inner wall 401a for forming a dry well 231 about the outer 
circumference of the nuclear reactor pressure vessel 201, and an outer wall 
401b tor forming a pressure suppression pool 404 to the outer side of the inner 
wall. The walls of this pressure containment vessel are constituted by a plurality 
Of, for example, two, three or more, steel plates which are mutually opposing in 
separated fashion, the spaces between the opposing steel platos being able to 
convey water or air. These steel plates are formed with ribs which project 
vertically, laterally, or both vertically and laterally, on the opposing faces of the 
Steel plates. 

Furthermore, the pumps, fans, and the like, which are active devices 
installed inside the pressure containment vessel 401 are to be minimized, and 
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the piping such as the main steam pipe 215 led from the nuclear reactor 
pressure vessel 201, and the valves, and the like, provided inside the pressure 
containment vessel are accommodated inside a guard pipe 407 having a closed 
front end, which extending from a portion of the dry well 231 to the outside. 

-d ispesed-4nside>^be^dny— weU--234-are^ 
minimized as follows. Firstly, as described above, the control rod drive 3VStem 
comprises an upper entry type control rod drive mechanispv2Tl which is built 
into the nuclear reactor pressure vessel 30>r^^nd this control rod drive 
mechanism 211 is designed to^J^^e m^int§ngnce-free specifications and 
become used uppveflong-term operation (for example, 20 years or more), 
togethej>^th the fuel assemblies 206, there being no fuel replacement 
QEfBration. 



The cooling water in the nuclear reactor pressure vessel 201 is circulated 
on natural circulation driving force, wherein active pumps such as internal 
pumps and the like are eliminated. Internal reactor instrumentation and the like 
is inserted from above the nuclear reactor pressure vessel 201 . 

Two isolation valves for the pressure containment vessel 401 are 



provided, as far as possible to the outer side of the pressure containment vessel 



401. A dry well sump 409 is provided in the lower portion of the dry well 231, 
and reactor sump 410 is provided in a position further below the dry well sump 
409. Consequently, drainage from the dry well sump 409 is able to transfer by 
the gravity Jorce to the lower positioned reactor sump 410. Therefore, no active 
pumps such as sump pumps are provided inside the dry well 231 . 

^^^ ^ nthpr wfMxU t- ill ll-i i^i -pfg ^ r i l <-. riih -tnH i mnnt^ rrf l n f^h(=i pinnt d o v i ee Sr- 
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apparatus, and the like, are disposed in an integral reactor building 221, 
is located on anti-seismic devices 413 ins;SllQ£iiiibe4etmil^io^ the building, 
whilst conven^elyrtRe spent fuel sto^^g6 ^qoo\ and the associated apparatus 
th^i^f are eliminated. 

n this way, by integrating buildings having different seismic grades, 
as a reactor building 221 and a turbine building or the like, into on^^bCTilding, the 
seismic design and construction design for the buil^ipr^can be performed 
together in one process, and turbines 222,^^ t/ie piping or the like can be 
arranged together with this re^otdT buijaing^21, in an integral way, on a 
foundation having arianfT-seismic structure. Thereby, it is possible to mitigate 



the seismic,,d€sign conditions, whilst also reducing the structural design of the 
bujldfng, and hence it is possible to achieve design standardization and 
rationalization. 

^^^^i:::^^^^^ tho -presgnrgnrortt ainmont vooool 101 h as-a-^ttef- 

cylinder structure comprising a dry well 231 provided on the inner side arfd a 
pressure suppression pooM04 on the outer side, and this pressure^tJppression 



/ 
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pool 404 is alsof dis pgsjBd .aboveythe^ reactor gpje ^^^^ by the fuel 

assemblies 206. A dry welPflooding pipe 430 forjjir^png water from the pool 
into the dry well 231 under its own gravjjyTn the case of^n emergency, and a 
gravitational reactor core coolhjg^ater injection system pipe 234 for injecting 
water into the reactorpofe 202 are connected to the pressure suppression pool 
404. Thereby^e pressure suppression pool 404 has a composition whereby 
the ppd\ water contained therein also serves as a water source for a gravity 



cooling syster 
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Supposing, for example, that a loss of coolant accident (LOCA) 
occurred, then the gravity driven core cooling system piB^^^as^Tlnjects water 
from the pressure suppression pool J^^J^rtd^tRe^ pressure vessel 201 via 
a check valve aDd^shtfPoff valve, and th^ j[&^or core 202 is cooled by flooding, 
jch a manner that a severe accident can be prevented from occurring. 
Therefore, the boiling water reactor nuclear power plant according to the 
present embodiment is a nuclear power plant which is able to provide a greater 
safety sense to the local population and the plant operators, compared with a 
conventional boiling water reactor nuclear reactor, without having to consider 
countermeasures against falling of molten core material or steam explosions, as 



measures against so-called severe accidents, nor needing to assume about the 
generation of a large quantity of hydrogen or the like due to a water/zirconium 
reaction or the like. 

since the present embodiment meets the permjssigo 

"^/y^ requirements of 



requirements of the authorities of severe accident countermeasjiPe<^no nozzles. 



or the like, for making piping connections, ax^j^r^6e6 below the elevation of 
the reactor core 202 in the nucle^f>r6actoiVpr^ vessel 201 . The main pipes 
connected to the nyet^ar reactor pressure vessel 201 only comprise, as 
described a^^©^ the main steam pipe 215, the feed water supply pipe 216, and 
the eprfergency core cooling system pipe 217, which are located above the 
reactor core 202. 

Moreover, by adopting the internal control rod drive mechanism 211 and 
a natural circulation system, there is no need to provide multiple nozzles for 
installing a control rod drive mechanism situated below the nuclear reactor 



vessel, or nozzles to be passed by the main shafts of the internal pumps, as in 
a conventional boiling water reactor nuclear reactor. 
^/^^.^^ it is possible to minimize the spatial volume of the 




as 
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portion of the dry well 231 surrounding the nuclear reactor pressure vp^f^el 201, 
and since water can be injected readily into this smaN^^^^e^Tit is possible to p 
achieve a structure which easily permits IVR (1i>Vg^el Retention) as a severe ^ 
accident countermeasure. Namely, thje-l^ention^ molten core material inside 



the nuclear reactor pressurgWessel canM^er^asily attained, thereby preventing 



the event from progressing. Moreover, since the spatial volume of the lower part 
of the dry w^f2^^ minimized, it can be filled with water at a high speed, and 
mor^dver, by supplying the water rapidly, even greater efficiency can be 
K)tained. 

In the boiling water reactor nuclear power plant according to the present 
embodiment, the piping nozzles used for ail of the reactor internal 
instrumentation which measures the reactor output power, reactor water level 
and the like, are disposed above the elevation of the reactor core 202 where the 
fuel assemblies 206 are loaded. Therefore, it is simple to achieve a structure 
wherein no nozzles, or the like, are disposed below the elevation of the reactor 
core 202 in the nuclear reactor pressure vessel 201 . 

Consequently, the nuclear reactor pressure vessel 201 can readjl y^bg- 



removedjjpw ards in one p iece, and even when the instrumentation pipes are 
disconnected in order to lift out the nuclear reactor pressure vessel 201 , there is 
no leak of reactor water, and furthermore, the nuclear reactor pressure vessel 
201 can be removed in one piece whilst the fuel remains in the reactor. 
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Fig. 3 shows the system composition of a nuclear power plant according 
to the present embodiment. 

As illustrated in Fig. 3, in addition to providing a depressurization valve 
224 inside a guard pipe 407 as part of an emergency core cooling system, the 
aforementioned gravity driven core cooling water injection system pipe 234 is 
also provided, so that the reactor core can be flooded in water rapidly by gravity 
driven water of the pressure suppression pool, thereby ensuring safety. 

Moreover, an emergency condenser 225 is also provided. Steam fr^pot 
the nuclear reactor pressure vessel 201 is introduced into tljis'-'wiergency 
condenser 225 via an emergency condenser steanipipe^e, and is condensed 
in the emergency condenser 225. The^^i^stJltira condensate is returned to the 
reactor core 202 via the enn^pg^ncy coiTOiensed water pipe 227. Thereby, in 
cases where it is nepe^ary to shut down the nuclear reactor in a safe manner, 
for instanpeftntransient condition in the nuclear reactor or the like, it is possible 
tO/^luit down the nuclear reactor at high-temp erature in an isolated condition. 

Fig. 4 shows a modification example of the nuclear reactor pressure 
vessel 201 . 

In the embodiment shown in Fig. 4, in addition to natural circulation as a 
recirculation system for the cooling water inside the nuclear reactor pressure 
vessel 201 , the natural circulation of the cooling water can be enhanced and the 
nuclear reactor output can be controlled, through a combination of a centrifugal 
type steam-water separator 219 bent into an inverse U-shape, and jet pumps 
220 driven by the feed water from a feed water supply pipe 21 6. 

More specifically, the centrifugal type steam-water separator 219 
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comprises a space on the inlet side of the reactor core that is partitioned from 
the nuclear reactor pressure dome (region forming water surface) which leads 
up via a pipe from the shroud head 207 and separates steam and water by 
means of the centrifugal force of an inverse U-shaped section that is opened to 
the inner side. The separated steam passes into an upper dome, while the 
remaining water is recirculated by a receiving side receiving nozzle. The water 
is then collected to be pressurized by a downstream diffuser, and descends via 
a pipe, whilst at the same time being connected in parallel to a jet pump output 
region driven by the feed water, provided in order to collect the feed water and 
the water not yet collected by the centrifugal steam separator device. 

A reference numeral 217 denotes an emergency reactor core cooling 
system pipe, which is located above the reactor core 202. Furthermore, in this 
example, the steam dryer is a cylindrical-type steam dryer 218, and a main 
steam pipe 215 connected to this cylindrical stream dryer 218 leads from the 
upper end portion of the nuclear reactor pressure vessel 201 . The remaining 
composition is approximately the same as that illustrated in Fig. 1 . 

By using centrifugal steam-water separator 219, the driving force of the 

cooling water circulation in the reactor is increased, and a high density disposed 

/ ' . — 

core can be also adopted, thereby enabling the height of the nuclear reactor 
pressure vessel 201 to be reduced to approximately the same height as a 
conventional forced circulation type reactor. 

Fig. 5 shows a further modification of the nuclear reactor pressure vessel 

201. 

In this example, in place of the internal control rod drive mechanism 211 
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illustrated in Fig. 1 , an external control rod drive mechanisnn 235 as commonly 
used in a pressurized water reactors is adopted as a drive system for the upper 
entry control rod 212. In this case, since the control rod drive shafts 214 must 
penetrate the steam dome and upper border at the top of the nuclear reactor 
pressure vessel, the stream dryer 210 is accordingly formed in a cylindrical 
fashion along the side walls of the nuclear reactor pressure vessel 201 . The 
remaining composition is approximately the same as that illustrated in Fig. 1 . 

By adopting the external control rod drive mechanism 235 of this kind, it 
is possible easily to implement the present plant concept. 

Fig. 6 to Fig. 9 illustrate the valve mechanisms provided inside the 
nuclear reactor pressure vessel 201 , and the action thereof, in this embodiment, 
a valve which can be opened as desired from the inner side of the reactor core 
shroud 203 to the outer side thereof is provided in a position above the fuel 
assemblies 206 constituting the reactor core 202. 

More specifically, as illustrated in Fig. 6, a flow path such as a pipe or the 
like is provided so as to penetrate from the inside to the outside of the shroud 
head 207, for instance, above the reactor core 202. An optionally openable 
nuclear reactor pressure vessel internal valve ^02^ is installed on the 




Thereby, it is possible to cause cooling water to flow from the inside to 
the outside by a pressure difference during its passage through the reactor core 
shroud 203, without obtaining a chimney effect. The composition of the nuclear 
reactor pressure vessel internal valve 302 and its installation position and the 
like are not particularly limited to the composition and positions illustrated in Fig. 




downcomer section^303 of this flow path. 
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6, and these may be changed or applied variously as illustrated in Fig. 8 and Fig. 
9 described hereinafter. In other words, the valve installation positions may be 
selected freely, provided that these positions are at the chimney elevation 
required to reduce the flow rate in the reactor core. 

In a composition of RPV of this kind, during normal plant operation, the 
nuclear reactor pressure vessel internal valves 302 are closed, and the valve 
flow path is in a shut-off state. The flow path can then be opened to the required 
degree, as desired, according to requirements. For example, during the normal 
plant operation, the cooling water is circulated by passing along a natural 
circulation path inside the nuclear reactor pressure vessel 201, as illustrated by 
the arrows in Fig. 6. When the distance from the outlet of the reactor core 202 
to the steam separator 209 is increased, (in other words, by lengthening the 
chimney section), the pressure of the water head in the downcomer section 303 
(density x gravity accelerationx height) is increased, and hence the driving force 
causing the cooling water to circulate is also raised. 

Moreover, for example, if an ATWS (Anticipated Transient Without 
Scram) accident occurs, then by opening the nuclear reactor pressure vessel 
internal valve 302 as illustrated in Fig. 7, the length of the downcomer section 
303 is shortened, and moreover, by allowing the low-density two-phase flow 
inside the reactor core shroud to exit, the water head pressure in the 
downcomer section 303 is reduced. 

Consequently, the void can be increased by reducing the flow rate at the 
reactor core inlet, and hence the reactor core output can be restricted by 
addition of negative reactivity. It is also possible to apply this method for 



• 

controlling output power of the plant during normal operation. 

Fig. 8 shows one compositional example of a nuclear reactor pressure 
vessel internal valve 302. 

The nuclear reactor pressure vessel internal valve 302 illustrated in Fig. 
8 comprises an electrically driven or electromagnetically driven valve or the like, 
which directly opens and closes a water passage hole 304 which is formed by 
penetrating the shroud head 207, for example. This nuclear reactor pressure 
ii vessel internal valve 302 comprises a stator 306 provided in a sealed case 305, 
and a rotor 307 corresponding to the stator 306. A valve shaft 309 is driven to 

03 

advance and withdraw in the axial direction by a ball nut 308 caused to turn by 

"'4 

the rotor 307, in such a manner that the water passage hole 304 can be opened 
p and closed by a valve member 310 provided on the valve shaft 309. In the 
example shown in Fig. 8, the valve member 310 is disposed inside the reactor 

?»(^ 

H core shroud 203. 

Fig. 9 shows an example where the valve member 310 is disposed to the 
outer side of the reactor core shroud 203. Naturally, it is also possible to adopt 
various compositions other than those illustrated in the diagrams. 

Next, a heat exchanging function by means of dry well flooding and the 
like will be described with reference to Fig. 10 and Fig. 11. These figures show 
enlarged partial sectional views of a portion of the pressure containment vessel 
401: Fig. 10(A) illustrates the cooling action during normal operation as 
performed by a normally used cooling system, and the action inside the nuclear 
reactor pressure vessel 201 when the reactor water level falls. 

As shown in Fig. 10(B), the walls 402 of the pressure containment vessel 
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401 comprise, for example, vertical ribs 403 on opposing sides thereof, to form 
a ship hull-type double-steel-plate structure. 

As illustrated in Fig. 10(A), in the present embodiment, cooling water is 
accommodated and stored in the base section of the pressure suppression pool 
404 comprised by these walls 402 and in the spaces between the opposing 
faces in the inner and outer circumference sections. 

Furthermore, the space above the dry well 231 and the space below and 
to the outer side of the pool 404 are connected by means of a connecting pipe 
412 provided with a normal use refrigerator 413, in such a manner that the 
water heated at the side of the dry well 231 is cooled by the normal use 
refrigerator 413 when it is circulated to the outer circumference of the pressure 
suppression pool 404. 

Furthermore, these spaces are also connected via a coupling pipe 234 
to a passive containment vessel cooling system (PCCS) pool 233 provided 
above the pressure suppression pool 404. Thereby, a dry well cooling system 
41 1 is constituted. 

Furthermore, as an emergency opening passage connecting to the dry 
well 231 , a pair of upper and lower dry well flooding pipes 430, for example, are 
provided on the inner periphery of the pressure suppression pool 404. In 
addition, a valve 430a which opens in emergency condition is provided in each 
of these dry well flooding pipes 430. Moreover, a water injection pipe 235 for 
advance used water injection is provided in the pressure suppression pool 404 
facing into the dry well 231, at a position between the dry well flooding pipes 
430. A valve 235a is provided in the water injection pipe 235 for advance water 



injection, which opens prior to the valves 430a that open the dry well flooding 
pipes 430 in the event of an emergency. This valve 235a has a composition 
whereby it opens at a predetermined signal or temperature, or melts at a 
predetermined temperature. 

The present embodiment constituted in this way has the following 
function. 

Firstly, for cooling the inside of the dry well during normal operation of 
the nuclear reactor, the cooling water of the dry well cooling system 41 1 is 
circulated through gaps in the walls 402 of the nuclear reactor containment 
vessel 401 . Chilled water of approximately 7°C, for example, is used for this 
cooling water. In the present embodiment, the actual volume of the dry well 231 
itself is made small due to the structure of the containment vessel, as described 
above, and hence the internal temperature of the dry well 231 can be 
maintained at a prescribed temperature by the circulation of this water. 

On the other hand, in the case of a loss of coolant accident in the nuclear 
reactor, for example, it is possible to cool the pressure containment vessel 
using natural driving forces only, by means of the water passing through the 
gaps formed by the dual-steel-plate structure of the side walls of the pressure 
containment vessel 401 , thereby to constitute a containment vessel wall cooling 
system. In other words, although the water inside the pressure containment 
vessel 401 will reach a high temperature, the cooling water at the outer side of 
the pressure containment vessel 401 will not heat up and will remain at a low 
teniperBt^^ therefore cooling can be performed by the natural circulation 
of this cooling water. 



Next, supposing a severe accident wherein the reactor core fuel nnelt 
and drops on the base of the reactor pressure vessel, water wHUbe^jected 
from the gravity driven core cooling systepn'plpe^34r6ut prior to this, the valve 
235a will be opened,^ meltedjjy'^^ and water is Injected into 

tlie dry well 231 koprTme water injection pipe 235. Thereby, the molten fuel is 



cooled^fid dannage tojhe lower boundary region of the nuclear reactor 
essure vessel 201 can be prevented. 



Thereafter, the valves 430a are opened, and water is injected from the 
lower-side dry well flooding pipe 430, and the water is circulated via the upper- 
side flooding pipe 430. By cooling the outer walls of the nuclear reactor 
pressure vessel 201 in this way, the concept of IVR, namely, cooling the molten 
fuel within the nuclear reactor pressure vessel 201, is implemented. In the 
boiling water reactor nuclear power plant according to the present invention, 
cooling of the lower border region of the nuclear reactor pressure vessel is 
performed easily by locating the control rod drive mechanism on the upper 
portion of the nuclear reactor pressure vessel. 

^^^^^.^^n other words, heat exchange is performed by constructing the waljj 
the pressure containment vessel 401 in a ship hull-ty^9...-dtjal-steel-plate 
structure, and circulating cooling water insid^Jh^sk^all^ 402 having a dual- 
steel-plate structure, in order to coolJ{>e"^uter ^\pe of the pressure containment 
vessel 401. Furthermore^fice the lo^r diV well 231 and the pressure 
suppression pod>404 are connected by means of a coupling pipe 430 at two 
points, apKlpper and lower point, of different connection height, then a thermal 




cprfvection flow is created between the dry well 231 and the pressure 
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suppression pool 404, and henq^igtfective cooling can be performed. 

Moreover, in the space of the lower dry well, since the spatial volume of 
the dry well is minimized by the filler concrete 440 on the bottom of the dry well, 
then when the lower dry well 231 is filled with water to cool the walls of the 
nuclear reactor pressure vessel 201, a natural circulation cooling effect is 
created wherein the walls of the nuclear reactor pressure vessel 201 form a 
heat generating source, and the walls of the pressure containment vessel 401 
form a heat radiation source. 

Consequently, stable cooling of the nuclear reactor press ure vesseL sidie^ 

H walls is performed over a long period, and the heat generated is released to the 

'""'"I ^' ' """" — 

4? exterior if the pressure containment vessel 401 , thereby suppressing increase in 
the pressure inside the containment vessel, whilst also restricting a severe 
accident to a state where the molten fuel is retained within the nuclear reactor 
pressure vessel 201, thereby to terminate the severe accident. In other words, 
the influences generated by a severe accident can be minimized, and improved / 
safety can be realized. 

Moreover, the condensed water produced inside the dry well 231 flows 
down to a dry well sump 409 located at the bottom part of the dry well 231 , 
whereupon it is discharged under gravity to the reactor sump 410 provided in 



Li.. 



the nuclear reactor building 221. Therefore, it is not necessary to provide active 



components and devices inside the dry well 231 . 

Fig. 12 is an explanatory diagram showing a severe accident automatic 
cooling device. 

In this severe accident automatic cooling device, a normally closed water 
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discharge pipe led from the pressure suppression pool 404 into the dry well 231 
at the base region of the nuclear reactor pressure vessel 201 , and heat-sensing 
device is employed as sealing device. 

Specifically, the pressure suppression pool 404 and the base portion of 
the dry well 231 are connected by means of a coupling pipe 441 forming a 
normally close water discharge pipe. The dry well 231 base side of this coupling 
pipe 441 is sealed by device of a low-melting-point metal (for example, solder) 
442 which forming the aforementioned heat-sensing device. Moreover, a 
differential pressure meter 443 is provided in the coupling pipe 441 . 
'^--^ If a severe accident occurs and there is a melt down of the reactor^ 
202, the molten core material falling down from the lower portion^^pf^fie nuclear 
reactor pressure vessel 201 to the base portion^Jh5..dfy well 231 , then the 
temperature of the low-melting-point rnetajy^^/g/mng the seal means rises 
and the metal melts. By so doino^AA^^r /s jJf€(/harged into the ^ase portion of 
the dry well 231 under th^^gfavity force, from the pressure suppression pool 404, 
and thereby coojiFrg the molten core material and hence enabling the molten 
material tp^e sealed and held inside the pressure containment vessel 401. 
Mor^dver, by means of water flowing in the coupling pipe 441, abnormalities 
ian be detected by the differential pressure meter 443. 



Fig. 13 shows a cooling structure based on heat exchange between a 
pressure suppression pool 404 and a dry well 231 , using a heat pipe. 

More specifically, the pressure suppression pool 404 and the dry well 
231 are linked by means of a heat pipe 444. If heat is released into the dry well 
231 in the event of an accident, thereby causing the temperature of the dry well 
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231 to rise, then the heat is transmitted by the heat pipe 444 to the pressure 
suppression pool 404, without requiring active devices. Thereby, the 
temperature and pressure of the dry well 231 can be reduced. By using a heat 
pipe 444, it becomes possible to restrict and terminate the accident without 
flooding the dry well 231 . 

In this way, according to the present embodiment, as cooling for the dry 
well 231 during normal operation, water is filled into the space within the dual- 
steel-plate structure constituting the pressure containment vessel 401, and 
chilled water (for example, water at 7°C approximately) of an air conditioning 
system is supplied and circulated therein in order to cool the dry well 231 from 
the exterior thereof, whereby it becomes unnecessary for the dry well to be 
provided with active devices such as dry well cooling fans or the like. 

When use of the fuel has been completed by operation for a prescribed 
period of time, then as illustrated in Fig. 14, the pressure containment vessel 
401 is split and separated about the periphery of the nuclear reactor pressure 
vessel 201. Thereafter, the split nuclear reactor pressure vessel 201 together 
with the pressure containment vessel 401 are then lifted out into an overhead 
removal space (extraction space) 414, and the whole nuclear reactor pressure 
vessel 201 can then be exchanged readily. 

In the present embodiment, an inner/outer dual-wall structure is used for 
the pressure containment vessel 201 on the dry well 231 side and the pressure 
suppression pool 404 side. Therefore, the splitting of the pressure containment 
vessel 401 when exchanging the nuclear reactor pressure vessel 201 can be 
performed efficiently by performing the splitting at a position where the dual 



walls are divided in the vertical direction. 

Furthermore, the pressure containment vessel 401 has a dual-cylinder 
structure wherein the dry well 231 is positioned to the inner side thereof and the 
pressure suppression pool 404 is positioned to the outer side thereof. Further, a 
composition is adopted wherein a minimum amount of active devices such as 
pumps, fans and the like are placed inside the pressure containment vessel 401 . 
In addition to this composition, devices requiring maintenance, such as pipes 
like the main steam pipe 215 led from the nuclear reactor pressure vessel 201, 
and the pressure containment vessel internal valves and the like are 
accommodated inside a guard pipe 407 extending from the dry well 231 portion 
to the dual-cylindrical structure to the exterior thereof, so that it becomes 
possible to perform maintenance of the valves and the like, inside the guard 
pipe. 

Moreover, by minimizing the active devices positioned inside the dry well 
231, designing the control rods 212 to be maintenance-free, eliminating active 
pumps such as internal pumps, by adopting a natural circulation system for the 
reactor internal circulation system, and adopting a nuclear reactor pressure 
vessel 201 top entry-insertion design for the internal reactor instrumentation and 
the like, then the pressure containment vessel can be made more compact, and 
the composition thereof can be simplified. 

Furthermore, the isolation valves for the pressure containment vessel 
401 are constituted by two valves provided on the exterior of the containment 
vessel, and the dry well sump 409 is positioned below the dry well 231 , so that 
the gravity force can be used to discharge the water, thereby dispensing with 
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the need to provide active devices such as sump pumps or the like into the dry 
well 231. 

Moreover, for instance, when the valves that must be positioned within 
the dry well 231; the nuclear reactor pressure vessel safety relief valve; the 
vacuum breaker valve; the depressurization value of the emergency reactor 
core cooling system; the gravity driven core cooling valve; the dry well flooding 
valve and the like, are placed inside a guard pipe 407, so that the operators are 

O protected from the dry well environment during maintenance, a low radiation 

'44 

t^. exposure state can be maintained, and maintenance and the like can be 

133 

£1 performed easily. 

ji Moreover, with regard to spent fuel, since the cylindrical section of the 

s 

dry well 231 can be split and separated readily by means of a dual-steel-plate 

C3 

structure, as described above, and furthermore, since it can be separated from 

■a. 5 

^: the pressure suppression pool and the guard pipe section whilst still united with 
the nuclear reactor pressure vessel 201, then by subsequently sealing the split 
sections of the dry well and the nuclear reactor pressure vessel 201 , and filling 
the dry well section with water to attain a flooded cooled state. Therefore, it is 
possible to cool the nuclear reactor pressure vessel from the outside, and to 
transport the single unit to a transport ship or the like, whilst maintaining cooling 
of the fuel inside the nuclear reactor pressure vessel 201 . 

Furthermore, by being able to remove the need for a spent fuel pool and 
associated apparatus thereof, and using the same building for structures having 
different seismic grades, such as the reactor building 221 and turbine building 
and the like, it is possible to carry out seismic design and construction design 
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jointly in one process. By unifying the pipes and turbines, and the like as well as 
the buildings, and positioning the sanne on an anti-seismic foundation, it is 
possible to standardize the whole seisnnic device 413 and mitigate the seismic 
design conditions, thereby permitting design standardization and rationalization. 

Moreover, by fabricating the integrated reactor building 221 in module 
units in a factory, and transporting these units to the construction site, it is 
possible to combine only the required number of modules, hence modules can 
be selected according to the plant output power. 

EFFECTS OF THIS INVENTION 

As described above, according to the present invention as claimed in 
Claim 1 , it is possible to provide a compact and economical nuclear power plant. 

According to the invention as claimed in Claim 2, even if a gravity driven 
core cooling system forming a passive safety system is adopted, it is possible to 
keep a source of water for the gravity driven core cooling system in the 
pressure suppression pool, and hence the size of the containment vessel can 
be compactified. 

According to the invention as claimed in Claim 3, since all obstacles such 
as nozzles, pipes and the like can be eliminated from the area below the 
nuclear reactor pressure vessel, and the volume of the lower dry well can be 
minimized, it is possible to minimize the pool volume that is to be filled by the 
gravity driven core cooling system, and IVR (In Vessel Retention), namely, a 
retention of molten core material inside the nuclear reactor pressure vessel in 
order to prevent an incident from advancing, can be performed readily as a 
severe accident countermeasure. 



According to the invention as claimed in Claim 4, even if an ATWS 
(Anticipated Transient Without Scram) event occurs, then output power can be 
suppressed until the boric acid solution injection system for shutting down the 
nuclear reactor is operated. 

According to the invention as claimed in Claim 5, since removal of heat 
form the pressure containment vessel as required in the event of a loss of 
coolant accident or the like can be performed by means of a simple and 
compact system based on natural forces, then merits in terms of reliability and 
economy efficiency can be obtained. 

According to the invention as claimed in Claim 6, even if the reactor core 
has melted in a severe accident, cooling of the walls of the reactor pressure 
vessel and release of heat to the exterior of the pressure containment vessel 
can be effectively performed whilst readily retaining the molten reactor core 
inside the reactor pressure vessel. Furthermore, the influences of the severe 
accident can be kept to a minimum, thereby improving the safety of the plant. 

According to the invention as claimed in Claim 7, there is no need to 
provide active devices in the dry well, hence making the interior of the dry well a 
maintenance-free space and also rationalizing the required space. 

According to the invention as claimed in Claim 8, even if a reactor core 
melt down occurs, cooling and isolation of the molten material can be achieved 
without providing active devices inside the pressure containment vessel. 
Moreover, abnormal conditions can also be detected reliably. 

According to the invention as claimed in Claim 9, it is possible to transmit 
heat released into the dry well in the event of an accident, to the pressure 



suppression pool without using active devices, and hence the accident can be 
terminated without flooding the dry well. Thereby, the reliability of the plant can 
be increased. 

According to the invention as claimed in Claim 10, it becomes 
unnecessary for operators to enter inside the dry well, which is a high-radiation 
area, for performing maintenance of valves and the like. Further, the 
maintenance work can be performed inside a partially restricted guard pipe only, 
thereby reducing the radiation exposure of the operators. 

According to the invention as claimed in Claim 11 , the same building can 
be used for all of the facilities, and hence an economic merit is obtained. 

According to the invention as claimed in Claim 12, it is possible to 
exchange the whole nuclear reactor pressure vessel including the dry well 
cylinder section in one unit. 

According to the invention as claimed in Claim 13, by positioning the 
integrated nuclear reactor building module on a foundation having an anti- 
seismic structure, standardized design for both the building and the devices and 
equipment can be achieved readily. 

According to the invention as claimed in Claim 14, by fabricating 
integrated building modules in a factory and transporting the modules to the 
construction site, it is possible to arbitrarily select the plant output as required by 
installing only the required number of modules at the construction site. 



